Alternative splicing largely enhanced the diversity of transcriptome and proteome in eukaryas. Along with 7 technical development, more and more alternatively splicing was demonstrated. Here, we report an 8 unexpected alternative splicing of SKU5-Similar 3 (SKS3) within a special splicing site in Arabidopsis.
Introduction

16
In eukaryas, precursor messenger RNA (pre-mRNA) was transcribed directly from genes, and then spliced 17 under a conserved mechanism, where exons were spliced to be mature mRNA for translation, and introns 18 were removed 1-3 . The splicing sites were not always unique, but could be altered, which resulted in the 19 facts that, one gene could be transcribed into several variants, and then encoded several proteins 4 . It largely 20 enhanced the diversity of transcriptome and proteome 5,6 . Along with the technological development, more 21 and more alternative splicing was identified. Based on RNA-seq data, >95-100% of human genes 3 , and up 22 to 60% of intron-containing genes of Arabidopsis genes 1,2,5,7 , are alternatively spliced and could generate 23 at least two alternative variants. The alternative splicing possesses were demonstrated to be performed by 24 the protein-RNA complexes, spliceosomes, which could recognize the 5', 3' splice sites and the branch 25 point of introns 8-10 . This special recognition and splicing resulted in the "GT-AG" rule of introns, which 26 means the spliced introns mostly start from "GT" and end at "AG" 4,8 .
27
Interestingly, the alternative splicing of genes was not consistent, but its occurrence and the expression 28 pattern of alternatively spliced variants were reported to be regulated by various abiotic stresses 11-15 , at 29 developmental stages 16 , or in different organs 17 . Although its exact mechanism hasn't been well revealed 30 yet 18 , a few reports indicated its importance during development, such as, the different alternative splicing 31 variants of HAB1 play opposite roles during ABA signaling in Arabidopsis 19 . SKU5-Similar 3 (SKS3) encodes a plasma membrane attached glycosylphosphatidylinositol-anchored 33 protein, which belongs to a SKU5-Similar protein subfamily that were redundantly essential for cell polar 34 expansion and cell wall synthesis of roots in Arabidopsis 20 . In this study, we reported an unexpected 35 organ-specific alternatively spliced variant of SKS3 in Arabidopsis, which could encode a plasma 36 membrane attached protein with transmembrane region at its C-terminus. Interestingly, its splicing site was 37 unique, which did not follow the "GT-AG" rule, or any other reported rules. But due to the short repeat 38 "ATCCATC" localized close to the border of spliced intron, the exact site could not be identified. The 39 reverse gene at its 3'-terminal, which could encode a long noncoding RNA (lncRNA), might participate in 40 these processes.
41
METIRIALS AND METHODS
42
RNA extraction and semi-quantitative RT-PCR
43
RNA was extract from 5-day old seedlings, rossetta leaves, whole opening flowers and mature siliques 44 from Arabidopsis, cDNA was synthesized by Oligo d(T). According to NCBI (https://www.ncbi.nlm.nih.gov/) and TAIR (http://www.arabidopsis.org/) database, two 53 transcriptional variants, SKS3.1 and SKS3.2 were predicated to be transcribed from SKS3 gene. SKS3.1 54 encodes a protein precursor containing 589 amino acid residues, which could be modified with a 55 glycosylphosphatidylinositol modification at C-terminus; SKS3.2 encodes a protein precursor containing 56 614 amino acid residues, which was predicted soluble and to enter the secretory pathway. Gene structures 57 of SKS3.1 and SKS3.2 showed that, the predicted alternative splicing occurred at the last exon where the 58 STOP codon was lost in SKS3.2 (Fig.1) . Fig 1. Gene structures of SKS3.1 and SKS3.2 predicted by NCBI and TAIR database. Arrows showed the translation direction; 61 exons were in dark grey; untraslated region (UTR) was in light grey; and introns were shown as black lines.
62
Observed alternative splicing of SKS3 gene in vivo 63
To precise the alternative splicing of SKS3 in Arabidopsis, SKS3 variants were cloned from cDNA 64 generated from different organs. Surprisingly, instead of SKS3.2 variant, a novel variant, SKS3.3, was 65 identified to exhibit a different expression pattern with SKS3.1 ( Fig.2A) . Through analyzing the gene 66 structure of SKS3.3, an unusual alternative splicing and a long intron, which include the whole 6 th , 7 th and 67 8 th exons, partly 5 th and 9 th exons, and all introns between them, were revealed (Fig.2C) . Interestingly, the 68 variant SKS3.3 encodes a shorter precursor containing 314 amino acid residues, which was predicted to be 69 a transmembrane protein with a short transmembrane region at its C-terminus (Fig.2B ). 
75
The novel splicing site within "ATCCATC" of SKS3.3 76 Interestingly, instead of following "GT-AG" rule, the borders of the spliced intron did not follow any 77 reported splicing rule, but with an unusual "ATCCATC" repeat close to the splicing site ( Fig. 3) . But due to 78 the presence of this repeat, the exact splicing site of SKS3. 3 could not be recognized, but could only be 79 limited within the short repeat "ATCCATC''. 80 81 Fig.3. Splicing site of SKS3.3 variant. Arrows showed the translation direction; exons were in dark grey; untraslated region (UTR) 82 was in light grey, and introns were shown as black lines, the alternatively spliced intron was in red blank and the sequence close to 83 splicing site was labeled in red, and the "ATCCATC" repeat was underlined.
DISCUSSION
85
Alternative splicing largely enhanced the diversity of transcriptome and proteome, which allows one gene 86 to encode more proteins. According to NCBI and TAIR database, SKS3 gene was predicted to be 87 transcribed into two variants, SKS3.1 and SKS3.2, which encode a GPI-anchored protein and a soluble 88 protein respectively. But according to our experimental data, two variants, SKS3.1 and SKS3.3, which 89 exhibited different expression patterns in various organs, were identified, but not SKS3.2. It indicated the 90 complexity of alternative splicing in Arabidopsis.
91
In our study, the two identified variants of SKS3 were predicted to encode a GPI-anchored protein and a 92 smaller transmembrane protein, which were both attached to the outer surface of plasma membrane 93 eventually. It reminded us of the two variants of HAB1, which could encode two proteins act opposite roles 94 during ABA signaling pathway in Arabidopsis 19 , and suggested a potential functional diversity of SKS3.1 95 and SKS3.3 protein.
96
Through investigating the gene structure of SKS3, a reverse gene AT5G01745 that encode a lncRNA was 97 found at its 3'-terminus, overlapping with the alternative splicing site of SKS3.3 variant (Fig.4) . Long 98 noncoding RNA (lncRNA), has been reported to be involved in alternative splicing, potentially through 99 forming double-strand to prevent the recognition and splicing from spliceosome 21-25 . It suggested the 100 involvement of lncRNA in the unexpected alternative splicing, and it would be very interesting to further 101 investigate the connection between the alternative splicing and the lncRNA, and the regulation of this 102 lncRNA. 
104
105
Arrows showed the translation direction; exons were in dark grey; untraslated region (UTR) was in light grey, and introns were shown 106 as black lines.
